Evidence is presented for the existence of a specific intronintron interaction, necessary for the formation of the branched product in the self-splicing reaction of a group II yeast mitochondrial intron. 
INTRODUCTION
The self-splicing group II introns of mitochondria are good current models for the chemistry of nuclear pre-mRNA splicing (for review see ref. 1) . In both cases, splicing occurs in t';o steps; the first consists of 5' cleavage and lariat formation and the second, 3' cleavage and exon ligation (see Fig. 1A and ref. 2, 3) . It is very likely that the two steps are coupled phosphate transfer transesterification reactions, as originally proposed for the group I self-splicing molecules (4, 5) .
A diagnostic and distinctive feature of the group II and nuclear pre-mRNA splicing reactions is the 2'-5' phosphodiester bond present at the lariat branchpoint. This bond presumably reflects the fact that the 2' OH of the branchpoint nucleotide acts as the nucleophile for 5' splice junction cleavage. Yet there is no apparent reason why the 5' splice junction could not be cleaved by hydrolysis, i.e., by H20 or OH-. Although it appears that this is rarely if ever the case when the wild-type group II molecules (or nuclear pre-mRNA introns) are incubated under standard, splicing conditions (2,3), 5' splice junction hydrolysis does take place when group II molecules are incubated under altered reaction conditions (6) . Also, 5' splice junction cleavage occurs exclusively by hydrolysis in the trans-splicing experiments of Jacquier and Rosbash (7) . In these experiments, RNA containing exon I with a single nucleotide of intron (the Tag substrate) was incubated under self-splicing conditions with RNA containing two nucleotides of exon I, the entire intron and exon II.
(We shall henceforth refer to this molecule as "the enzyme" because it presumably contains the catalytic activity for 5' splice junction cleavage. We note that the term is not strictly correct because the enzyme is cleaved in the course of the reaction.) Both RNAs were inert when incubated alone. Incubation of the two RNAs together led to efficient transsplicing, in which the substrate 5' splice junction and the enzyme 3' splice junction were cleaved, and the substrate-derived exon I ligated to the enzyme-derived exon II (Fig. 1) . Importantly, the substrate intron fragment was not covalently attached to the enzyme. This observation, in conjunction with other results, led to the conclusion that 5' splice junction cleavage took place via a hydrolysis mode rather than a branch mode ( Fig. 1C rather than Fig. 1B ). It is likely that the structure of the enzyme-substrate complex was aberrant so that, like under altered reaction conditions, activation of the 5' splice junction took place but without nucleophilic attack by the 2' OH of the branchpoint nucleotide. Presumably, the intron binding sites (IBS) present on exon I (8) are sufficient to promote a productive interaction with the enzyme but insufficient to allow branch formation. The presence of additional intron sequences on the substrate might therefore restore its ability to undergo branch formation. The experiments reported below verified this prediction and uncovered some unexpected and interesting consequences of extending the substrate intron. (14)). Under identical conditions, incubation of enzyme and equivalent amounts of end-labelled Tag substrate resulted in hydrolysis and release of the pGp32Cp intron with little or no branch formation, as previously described (7 and Fig. 3B ).
To verify that these radioactive products (labelled B in Fig. 3A ) were branched molecules with a proper 2'-5' phosphodiester bond, the three different RNA species were separately purified and individually incubated with debranching activity. Debranching of species B3 (the fastest migrating of the three bands) resulted in the appearance of a labelled RNA of the correct size for the end-labelled intron portion of the Hinf substrate (Fig. 4) (12) . In brief, 3' end-labelled Sau3A substrate (see Fig. 2 legend) was treated gently with modification reagents (DEPC or hydrazine) such that less than one modification event per molecule took place (see Fig. 5 legend) Fig. 5 ).
In general, modification of the substrate within the intron had little or no effect on hydrolysis as the cleavage ladder derived from the hydrolysis product resembled closely that of the input RNA (compare lanes 1 and 3, Fig. 5 ). In contrast, modification of the substrate intron sequences had a pronounced effect on branch formation (compare lanes 1 and 2, Fig. 5 ). Modified residues could be grouped into three categories on the basis of the nature of the effect on branch formation. Some modified residues had little or no effect on branch formation (which may indicate that the sequences at these locations are not critical for branch formation -but see (12) , Materials and Methods, and Fig. 5 legend) , most modified residues inhibited branch formation, and some enhanced branch formation (Fig. 5) . Modification of some of the residues in this latter category also had a mild, positive effect on hydrolysis (compare lanes 1 and 3, Fig. 5 ).
The 887 nucleotide AI5 intron has six major secondary structural domains (domain I-VI), originally proposed based on phylogenetic comparisons (15, 16) . The 193 nucleotide intron portion of the Sau3A substrate contains a substantial fraction of domain I (Figure 6 ). Correlating the modification pattern (Fig. 5 and data not shown for pyrimidine cleavage patterns and other purine cleavage patterns) with the proposed structure of domain I led to the conclusion that modified nucleotides relatively neutral for branch formation were predominantly clustered in putative non-paired regions (Fig. 6 ). This is perhaps best illustrated by two neutral regions situated close to the 5' splice site (intron residues 11-14 and 35-44; residues 35-44 lie between the two bracketed regions in Fig. 5 and are indicated in Fig. 6 by double arrows). These Hinf substrate and the truncated enzyme. Arrow H (below) shows the position of the 30 nucleotide hydrolysis product formed as a result of the reaction with the Ssp substrate and the truncated enzyme. Arrow El shows the position of the 5' exon. (It is noted that, due to the nature of transcription, some RNA substrates were heterogeneous at their 3' ends and therefore could give rise to heterogeneous, mature hydrolysis products during the course of the splicing reaction.) with a third substrate of intermediate intron length (Fig. 7) . However, two features of this experiment were surprising. First, 5' splice site cleavage was five-to ten-fold faster with the truncated enzyme than with the complete enzyme for all three substrates. We surmise that the rate of 5' cleavage is normally limited by some interaction which was eliminated by the removal of domain VI, hence the higher rate of 5' cleavage, even for the Ta substrate. Second, the time course and extent of hydrolysis with the Hinf substrate (and, within a factor of two, the Ssp substrate) were the same as those observed with the Tag substrate. This latter observation indicated that the splicing which occurred by branch formation with the complete enzyme was shifted to the hydrolysis mode with the truncated enzyme. When we applied the modification/interference procedures described above, but with the truncated enzyme instead of the complete enzyme, 5' splice site cleavage, as predicted, was insensitive to the inhibitory effects of modification of the intron portion of the Sau3A substrate (although a residual level of enhancement was still detectable) (Fig. 8) interactions which may provide some (as yet undetected) measure of fidelity or control at the expense of rate. A summary of these ideas is depicted in the model presented in Figure 9 . 
